mechanical ventilation >48 hours, >3 days stay in the ICU, decreased level of consciousness in the post-operative period, >300 minutes of surgical duration, chronic lung diseases, hypokalaemia, fever in the post operative period and intraoperative tachycardia, were significant risk factors for postoperative respiratory complications (PRCs). The present study has tried to study the respiratory complications in the postoperative period while as previous studies mainly focussed on only PPCs.
Chu and Dang [3] found that in patients undergoing elective craniotomy for brainstem tumours, the incidence of PPCs was 23.9%. They observed that partial tumour resection is a risk factor for occurrence of PPCs as the residual tumour tissue could affect cerebral functions. Dube et al., [4] observed that the incidence of reintubation within 24-72 hours after elective craniotomy was about 4.9%. The common causes of reintubation were neurological deterioration and residual tumour with surrounding oedema. A good mentation is helpful for airway protection but copious oropharyngeal secretions could lead to reintubation even in the presence of a good cough reflex. In infratentorial surgery the cough reflex may not be well-preserved due to lower cranial nerve palsy and pharyngeal muscles dysfunction, increasing the frequency of reintubation.
In a heterogenous population of non-emergent craniotomies, Sogame et al., [1] observed, that PPCs occurred in 24.6%, and 10% of them died. On multivariate analysis, predictors for occurrence of PPCS were infratentorial surgery, mechanical ventilation ≥48 hours, time spent in the ICU >3 days, decrease in level of consciousness, duration of surgery ≥300 minutes, and pre-existing chronic lung disease. The most frequent postoperative pulmonary complication was purulent tracheobronchitis, followed by pneumonia, bronchospasm, and atelectasis. Direct brain injury from trauma, depressed level of consciousness, inability to protect the airway, disruption of natural defence barriers, decreased mobility, and secondary physiopathologic insults inherent to severe brain injury lead to the development of pulmonary complications. [5] Pneumonia is a common PPC in neurosurgical population. Endotracheal intubation and duration of ventilation increase the incidence of pneumonia. A clinical pulmonary infection score (CPIS) is helpful in diagnosis of suspected ventilator associated pneumonia (VAP). It takes into consideration the clinical, radiographic, Postoperative pulmonary complications (PPCs), frequently seen in the early postoperative period in neurosurgical population with an incidence of about 23%, manifest mainly as pneumonia, bronchitis, atelectasis and respiratory failure. [1] An understanding of the risk factors leading to PPCs in neurosurgical population may be helpful in reducing the morbidity and mortality.
In the heterogeneous surgical population undergoing non cardiothoracic surgery, an attempt was made, by the Clinical Efficacy Assessment Subcommittee of the American College of Physicians (ACP), for stratification of factors responsible for PPCs. [2] Advanced age (age >60 years), American Society of Anesthesiologists (ASA) class of II or greater, functionally dependent patients, pre-existing chronic obstructive pulmonary disease and congestive heart failure are associated with increased risk of PPCs. Similarly prolonged surgery (>3 hours), abdominal surgery, thoracic surgery, neurosurgery, head and neck surgery, vascular surgery, aortic aneurysm repair, emergency surgery, and general anaesthesia are the procedure related risk factors associated with PPCs. A low serum albumin level (<35 g/L) is a powerful marker of increased risk for PPCs. Fair evidence supports the blood urea nitrogen levels of greater than 21 mg/dl as a predictor for increased PPCs. [2] Pulmonary complications in neurosurgical population have not been studied extensively. Only a few authors have focussed on this issue. Although neurosurgery is a strong risk factor for development of PPCs (pooled estimated odds ratio 2.53), [2] the causative factors for these complications have not been identified. In this issue of Journal of Neuroanaesthesia and Critical Care, Bharati et al., have published their study on the factors responsible for respiratory complications after elective craniotomies. The authors found that the commonest respiratory complication was purulent tracheobronchitis which was found in 9.4% of patients. physiological (PaO2/FiO2), and microbiologic data and translates it into a single numerical result. A CPIS >6 has a good correlation with the presence of pneumonia when correlated with quantitative cultures of bronchoscopic, nonbronchoscopic and broncho-alveolar lavage specimens. [6] When the CPIS ≤6 a strong suspicion of VAP is made and a re-evaluation should be done after 48-72 hours.
Neurogenic pulmonary edema (NPE) is associated with acute onset of pulmonary oedema resulting from central nervous system (CNS) injury due to subarachnoid haemorrhage, severe head injury, [7] and status epilepticus. Studies have shown that of NPE may result from higher intracranial pressures (ICP) and low cerebral perfusion pressures. [8] The absence of a clear lung injury and a normal chest X-ray (CXR) in these patients also suggests that brain injury to be a risk factor for this phenomenon. The 'blast injury' phenomenon may explain a surge in adrenergic response leading to an increase in capillary pressures in the lung bed, and endothelial damage. This leads to a capillary leak into the alveoli and pulmonary interstitium [9] associated with production of inflammatory mediators such as IL-6. [10, 11] A 'double hit' model has been proposed in patients with a brain injury. The 'first hit' may be the result of a combination of an adrenergic surge and systemic production of inflammatory mediators, making the lung more susceptible to injury, and a 'second hit' may be from extracorporeal variables such as infections, transfusions, and mechanical ventilation. [12] Lung atelectasis occurs in neurosurgical population due to respiratory depression, and impaired consciousness leading to aspiration. [13] Weakness of thoracoabdominal muscles due to cervical and thoracic spine injury may lead to hypoventilation and bronchial obstruction from mucous plugs. Associated injuries as traumatic pneumothorax, hemothorax may be contributing factors.
Pulmonary thromboembolism is common in neurosurgical population due to chronic immobility. It manifests as acute onset dyspnoea, hypoxemia, or hypotension. Initial screening by D-dimer, lower limb compression ultrasound or multidetector CT (MDCT) angiography are helpful. Neurosurgical patients should receive thromboprophylaxis by mechanical or pharmacological means. It has been seen that the majority of deep venous thrombi (DVTs) occurred within the first week after a neurosurgical procedure, with a linear correlation between the duration of surgery and DVT occurrence. [14] Use of early subcutaneous heparin (at either 24 or 48 hours) was associated with a 43% reduction of developing a lower-extremity DVT, without an increase in surgical site haemorrhage, [14, 15] After craniotomy, low dose subcutaneous heparin (5000U BID or TID) starting after the second day significantly reduces the frequency of venous thromboembolism, with no increase in incidence of intracranial bleeding. [16] Treatment with low molecular weight heparin (that is, enoxaparin 40 mg daily) is a reasonable alternative if renal function is normal, and the results of recent studies suggest that both are equally effective with similar rates of heparin-induced thrombocytopenia. [17] When contraindicated, the use of inferior vena cava filters may be necessary in the short term. [15] Acute respiratory distress syndrome and acute lung injury are frequently seen in neurosurgical population. Recent developments in the therapeutic approach to ARDS include emphasis on protective lung ventilation using low tidal volumes, increased PEEP with use of recruitment manoeuvres to promote reopening of collapsed lung alveoli, prone position as rescue therapy for severe hypoxemia, and high frequency ventilation. Supportive measures include the attention to fluid balance, restrictive transfusion strategies, and minimization of sedatives and neuromuscular blocking agents. Inhaled bronchodilators, (nitric oxide and prostaglandins), use of corticosteroids and extracorporeal oxygenation have shown short term improvement in patients with intractable hypoxemia. [18] Strategies for prevention of postoperative pulmonary complications following craniotomy:
The strategies which are helpful for the prevention o f p o s t o p e r a t i v e r e s p i r a t o r y c o m p l i c a t i o n s include thromboprophylaxis by mechanical and pharmacological means. Prophylactic strategies for venous thromboembolism should be instituted within the first week postoperatively. [14] American College of Physicians guidelines, [2] have graded evidence for strategies to reduce risk for PPCs. Postoperative lung expansion modalities (incentive spirometry, deep breathing exercises, intermittent positive-pressure breathing, and continuous positive airway pressure) are the only strategies, supported by good evidence for reduction in PPCs. Selective rather than routine use of nasogastric tubes and short-acting neuromuscular blockade decreases the risk of PPCs. [19] Orotracheal intubation may be preferred to nasotracheal intubation for urgent intubation in neurosurgical patients as the latter may lead to an increased risk of sinusitis and pneumonia. Early tracheostomy should be considered in patients with a high cervical spinal cord injury and in those with a need for prolonged duration of mechanical ventilation. Bedside percutaneous dilatational tracheostomy has increasingly become the technique of choice for tracheostomy in neurosurgical patients. [20] It appears to have a low incidence of complications in neurosurgical patients and shortens the hospital stay when compared with traditional surgical tracheostomy.
Areas for future research
Most of the neurological patients have a lower Glasgow Coma Scale (GCS) on admission. During their hospital stay they have more ICU and ventilator-days, with more early tracheostomies, more VAP rates when compared with those of non-neurological patients. [21] However studies have shown that the rate of reintubation is similar to those of non-neurological patients. Hence mental status and GCS may not be the only predictors for successful extubation, [22] as GCS may be higher in nonneurological patients and the rate of reintubation being the same. It is not clear as to why neurological patients are more likely to get 'stuck' on the ventilator or may need early reintubation. The other factors that need to be addressed in this scenario are the age, neurological diagnosis, characteristics of tracheobronchial secretions, cranial nerve involvement, pupillary abnormalities and absence of gag reflex. [23] These questions need to be addressed in multicentric prospective clinical trials. Meanwhile the clinical expertise of a neurointensivist may guide the best approach to a particular patient.
